Introduction
Pigmentation of the oral mucosa is distinguished as either endogenous or exogenous. The causes of each are endogenous pigments of melanin, hemosiderin, or bilirubin and exogenous pigments of metal or medical agents [1] . Although most pigmented lesions of the oral mucosa are associated with deposition of melanin and accidental displacement of a dental alloy, accurate differential diagnosis of a pigmented lesion is important. It is particularly important to differentiate between pigmented nevus caused by the proliferation of nevus cells and malignant melanoma derived from melanocytes. Therefore, histopathological examinations are required [1] - [3] .
We report two cases of oral mucosal pigmentation associated with accidental displacement of a dental alloy in which malignant melanoma was suspected and excisional biopsy and electron probe microanalysis were carried out.
Case Report

Case 1
A 65-year-old female visited our hospital with the complaint of a dark lesion in the right retromolar region. The patient's medical history was myasthenia gravis, thyroid gland tumor, cervical spinal canal stenosis, and primary obstructive cirrhosis. About two years prior to visiting our hospital, the patient had damaged the patient's distal gingiva of the lower wisdom tooth by a diamond bar upon undergoing a crown preparation of the wisdom tooth that was mounted by silver alloy construction.
Physical examination revealed that the patient had symmetric facial appearance and no abnormal findings in cervical lymph nodes. Three dark lesions were observed in the oral mucosa around the right lower wisdom tooth (Figure 1) . A well-defined, dark black, elastic softening, bulging lesion, 12 × 8 mm in size, was observed from the distal side of the wisdom tooth towards the inner side, with a small piece of palpable bone-like hard tissue inside (Figure 1(a) ). An ill-defined, flat, dark lesion, 5 × 4 mm in size, was observed on the buccal mucosa of the distal outer side of the wisdom tooth (Figure 1(b) ), along with a slightly dark lesion of 2 × 2 mm in size, on the buccal gingiva (Figure 1(c)) .
Widening of the periodontal ligament space of the right wisdom tooth and radio-opacity at the anterior margin of the mandibular ramus was observed by dental X-ray imaging, though bone resorption was not observed at the distal site of the wisdom tooth (Figure 2(a) ). Although an enhanced lesion and bone resorption were not observed by contrast-enhanced CT, a small piece with a similar level of opacity as that of the cortical bone was observed on the anteromedial side of the right mandibular ramus (Figure 2(b) ).
There was clinical suspicion of exogenous pigmentation, pigmented nevus, or malignant melanoma. Therefore, excisional biopsy for differential diagnosis was carried out with extraction of the right lower wisdom tooth and integral excision of the three lesions including the periosteum with a safety margin of approximately 5 mm from the dark lesions (Figure 3) . Upon confirmation of no dark lesions on the resection stumps, primary suturing of the wound was carried out.
Exogenous pigmentation was diagnosed on the basis of histopathological findings of brownish foreign substances in the lamina propria that were granular in shape and light brown at the outer periphery (Figure 4 ). Fibrosis was also observed in the lamina propria. Electron probe microanalysis (EPMA) was performed using an EMPA-8705 (Shimadzu Corporation). The metal components were silver (69.2%), indium (6.4%), tin (11.3%), and zinc (13.1%) ( Figure 5) . The results showed that the metal was a dental casting silver alloy used for abutment construction.
One month post-operatively, the area had healed normally and the last follow-up with the patient was 3 months after the surgery uneventfully.
Case 2
A 45-year-old female visited our hospital with the complaint of a dark lesion on the right floor of the mouth. The patiant's medical history was duodenal ulcer. About six years ago, she visited our hospital for a detailed examination of a hemangioma in the left buccal mucosa. Because there were no symptoms, the lesion was followed up without treatment by her local dentist. Recently, the patient became aware of a dark lesion on the right floor of the mouth and consulted her regular dentist, who recommended a detailed examination.
Physical examination revealed that the patient had symmetric facial appearance and no abnormal findings in cervical lymph nodes. A well-defined dark lesion, with a diameter of approximately 5 mm, was observed in the right floor of the mouth, and the lesion was slightly bulging but with no induration (Figure 6) . No opacity was observed in the floor of the mouth by panoramic X-ray and CT images (Figure 7) .
There was clinical suspicion of exogenous pigmentation, pigmented nevus, or malignant melanoma. Therefore, excisional biopsy for differential diagnosis was carried out under general anesthesia with extraction of the hemangioma of the left buccal mucosa. The pigmented lesion was excised while preserving the sublingual gland with a safety margin of approximately 5 mm from the dark area on the right floor of the mouth (Figure 8(a) ). While a dark color was observed on the bottom of resection stump (Figure 8(b) ), no dark lesion was detected on the exposed sublingual gland, and primary suturing of the wound was carried out.
Histopathologically, there was slight bulging of the mucosa along with formation of lymphoid tissues underneath the mucosal epithelium, in which blackish-brown foreign substances were sporadically observed as well as pigmented dark granules in the collagen fibril (Figure 9) . The blackish-brown foreign substances were ellip- soidal shaped and approximately 20 μm in size, with foreign-body type giant cells. Based on these findings, a definite diagnosis of exogenous pigmentation was made.
The metal components were shown by EPMA to be gold (7.4%), silver (61%), palladium (9.7%), copper (10.8%), and zinc (4.5%) (Figure 10) . From the results of EPMA, the alloy was revealed to be a gold-silver palladium alloy that is frequently used in dental prosthesis.
Two weeks post-operatively, the area had healed normally and the last follow-up with the patient was 2 months after the surgery uneventfully. 
Discussion
Regarding the pigmented lesions of the oral mucosa, exogenous pigmentation due to accidental displacement of dental alloy is a frequently occurring disease in daily clinical practice, and while most cases, except in the cases of aesthetic reasons, remain untreated because they are basically asymptomatic. But, in the case of accurate clinical diagnosis, especially melanoma suspected, it is usually difficult to diagnose upon only inspection and palpation [1] . Differential diagnosis of a pigmented lesion is important to differentiate from malignant melanoma [2] . Adequate image diagnosis based on plain X-ray and CT images is necessary. In the case of exogenous pigmentation due to displacement of dental alloy, aberrant alloy can be normally confirmed as metal-like opacity upon X-ray or CT images [4] .
In the present two cases, both cases underwent plain X-ray, ultrasonography, and CT image examinations. In Case 1, while opaque small pieces were observed within the lesion, the opacity was not metal-like but rather cortical bone-like, with a CT value of approximately 2500 HU, which is a value similar to that of the mandibular cortical bone. The cause of the low CT value was assessed to be corrosion of the aberrant alloy. On the other hand, in Case 2, no metal-like opacity was observed on CT or panoramic X-ray images because the lesion was small in size. A lower occlusal radiograph may be more effective to detect the aberrant alloy. In both of the cases, no tumor mass formation leading to suspicion of a malignant melanoma was observed on CT images or by ultrasonography, and there were no resorption images of the adjacent mandibular bone. However, in the case of superficial spreading melanoma and melanoma in situ, there is no formation of a tumor mass [5] [6] , and the possibility of malignant melanoma could therefore not be entirely ruled out by only imaging findings. Amano et al. reported another case involving an amalgam tattoo on the floor of the mouth, for which malignant melanoma was strongly suspected [2] . In that case, that is similar to Case 2, the blue-black macule, with irregular borders on the floor of mouth did not show opacity by X-rays. Excisional biopsy for differential diagnosis was carried and revealed exogenous pigmentation due to displacement of dental alloy. In Case 1, one pigmented spot was a relatively large bulging lesion, with two more pigmented spots around it, leading to suspicion of satellite lesions of malignant melanoma and making it difficult to rule out the possibility of a malignant melanoma. If malignant melanoma is suspected, it is generally accepted that an excisional biopsy should be carried out due to the possible seeding of malignant cells and high frequency [7] . The policy in our department is also to carry out excisional biopsy of the lesion in cases of suspected and to carry out intra operative rapid diagnosis if necessary. In Case 2, while the pigmented spot was relatively small with slight bulging, a definitive clinical diagnosis could not be made preoperatively. The possibility of malignant melanoma could not be completely ruled out in either of the cases, and excisional biopsies were therefore carried out. The incision line was set at 5 mm from the lesion in both cases, which is considered to be appropriate resection for total removal biopsy without apparent malignant melanoma. Histopathologically, crystal-like foreign substances were detected and were easy to diagnose. The outer periphery of the granular metal foreign substance was fading by metal elution in Case 1. On the other hand, in Case 2, the foreign substance exhibited a uniform blackish-brown color. Furthermore, similar to findings described in previous reports [1] [3] [4] [8]- [10] , blackish-brown fine particles were deposited in the basal membrane of the oral mucosa, the minor salivary duct, peripheral glandular acini, the basal membrane of vessels, and fibroblast cells. In Case 2, there was formation of lymphoid tissues underneath the mucosal epithelium, but an aberrant dental alloy in the mucosa usually causes no body inflammatory reaction or only mild chronic inflammation as previously reported [3] [10] . These difference in tissue responses seem to be related to composition of the aberrant dental alloy because the metal particles were revealed by EPMA to be a silver alloy in Case 1 and a gold-silver palladium alloy in Case 2. EPMA, which is an analytical technique that is used to establish the composition of small areas on specimens and obtain quantitative information, qualitative information, and an element map of a sample, may be effective for identifying the causative dental alloy.
Conclusion
Although exogenous pigmentation originating from a dental alloy is not rare, differential diagnosis of oral pigmented lesions is sometimes very difficult. In such cases, histopathological examination may be necessary for the diagnosis to exclude melanocytic lesions and EPMA may be effective to identify the causative dental alloy.
